Crystal Structure, Hexafluorothioacetone, Nitriles, Heterocyclics
Cyanides such as P(CN) 3 , As(CN) 3 , PhP(CN) 2 , Bu'As(CN) 2 and Ge(CN) 4 react with [(CF 3 ) 2 CS] 2 (1) by insertion of the carbon atom of the /so-nitrile isomer into the four-membered [CS] 2 ring to give compounds PR 3 (2) , AsR 3 (3), FP(S)R 2 (4), PhP(S)R^ (5), Bu'AsR^ (6) and GeR 4 (7) respectively, where R' is the novel heterocyclic ligand -N=C-S-C(CF 3 ) 2 -S -C(CF 3 ) 2 . The crystal structures of 3 and 7 are reported.
The dimer of hexafluorothioacetone, 2,2,4,4-tetrakis(trifluoromethyl)-l,3-dithietane (1) reacts with nucleophilic reagents such as amines [1] , alcohols [2] and dienes in the presence of fluoride ion catalyst [3] , but in each case the products contain only the monomer unit. The same applies to the reactions of (Ph 3 P) 3 Pt [4] or Ni(COD) 2 [5] with 1. In a recent preliminary report [6] we showed that 1 undergoes a different type of reaction with phosphorus and arsenic tricyanides, the four-membered [CS] 2 ring of the dimer being enlarged by the insertion of the carbon atom of the z'so-nitrile isomer. In this paper we describe the details of these reactions, together with the reactions of 1 with other cyanides and the crystal structures of two of the resulting products.
Results and Discussion
In our earlier communication [6] we showed that compound 1 reacted with P(CN) 3 and As(CN) 3 to yield the products 2 and 3, respectively, the structures of which were assigned on the basis of spectroscopic data: However it was not possible to rule out the structures in which N and S atoms are interchanged. We therefore determined the structure of 3 by single-crystal X-ray diffraction, confirming that proposed from the spectroscopic data.
In the reaction of 1 with P(CN) 3 in the presence of triethylamine as a catalyst, a second product 4 was isolated in low yield, for which the following structure is suggested by the spectroscopic data:
CR2-S
It should be mentioned that the reaction Bu"P with 1 yields Bu 3 ' ! PF 2 in 60% yield [7] , In our hands Ph 3 P=CH 2 also yields Ph 3 PF 2 as one of the products when reacted with 1 [8] . An arsenic analogue of 4 could not be isolated from the reaction of 1 with AS(CN) 3 . With Sb(CN) 3 , 1 yielded a complex mixture of products which could not be separated. Whereas 1 and Bu'As(CN) 2 yielded the expected 6, the corresponding reaction of 1 with PhP(CN) 2 gave the phosphorane 5: 
Although CH 3 Si(CN) 3 and 1 yielded a complex mixture of products which was difficult to separate, Ge(CN) 4 and 1 gave the expected 7, the structure of which was confirmed by X-ray diffraction. considerable changes in the signals for the ring carbon atoms, indicating ring opening by attack on one of them. When this mixture is allowed to stand for a few hours, sulfur is precipitated.
The role of triethylamine in these reactions is probably twofold. NMR studies (e.g. [9] ) have shown that Lewis bases form weak adducts with trivalent phosphorus compounds, which might activate the nitrile-isonitrile isomerisation. In addition, the 13 C NMR spectrum recorded immediately after the addition of a few drops of triethylamine to 1 shows
Interpretation of Spectra
The 70 eV mass spectra show a molecular ion peak for all the compounds reported. Loss of one complete ligand [NC 3 S 2 (CF 3 ) 4 = 390 mass units] is frequently observed. v(CF) is observed between 1200 and 1300 cm -1 in the IR spectra, with v(C=N) in the range 1600-1640 cm -1 . An analysis of the NMR spectra is presented in Table I . The 13 C spectra show the expected couplings to P and F. The 7(P-C) is consistent with P-N=C rather than P-C=N, as observed in the crystal structures.
Crystal structure analyses
Crystal data and details of the structure determination for 3 and 7 are summarised in Table II . In both cases the heavy atoms were located by direct methods and the remaining atoms from difference syntheses, with some difficulties caused by the large anisotropic thermal motion of the trifluoromethyl groups. The structures were refined anisotropically X y z U As 4919 (1) 8502 (1) 2624 (1) 38(1)* N (11) 4877 (5) 9718 (3) 2163 (1) 41(1)* C (12) 5277 (6) 10768 (4) 2314 (2) 38(1)* S (13) 5524 (2) 11404 (1) 3019 (1) 53(1)* C (14) 6663 (7) 12785 (4) 2913 (2) 45(2)* C (15) 5649 (9) 13745 (4) 3222 (2) 68(2)* C (16) 8788 (8) 12828 (5) 3156 (2) 65(2)* F(ll)
5765 (6) 13647 (3) 3765 (1) 101(2)* F (12) 6383 (7) 14790 (3) 3139 (2) 103(2)* F (13) 3851 (5) 13703 (4) 3022 (2) 104 (2) (17) 6549 (2) 13034 (1) 2169 (1) 60(1 * C(18) 5506 (7) 11623 (4) 1856 (2) 48(2 * C (19) 6867 (9) 11168 (5) 1451 (2) 72(2 * C(la) 3524 (10) 11827 (5) 1551 (2) 72(2 * F (17) 6079 (6) 10286 (3) 1093 (1) 102(2 * F (18) 8386 (5) 10793 (3) 1736 (2) 98(2 * F(19) 7450 (7) 11981 (3) 1135 (1) 112(2 * F(la) 2421 (5) 12236 (3) 1913 (2) 94(2 * F(lb)
2669 (6) 10867 (3) 1286 (2) 104(2 * F(lc) 3699 (7) 12591 (3) 1164 (1) 104(2 * N(21) 3468 (5) 9126 (3) 3167 (1) 38(1 * C (22) 2828 (6) 8512 (4) 3524 (2) 38(1 * S (23) 2888 (2) 6979 (1) 3527 (1) 47(1 * C (24) 2868 (7) 6922 (4) 4285 (2) 41(1 * C(25) 4916 (7) 6901 (4) 4569 (2) 55(2 * C (26) 1649 (8) 5844 (4) 4398 (2) 61(2 * F (21) 5004 (5) 6939 (3) 5126 (1) (2) 8195 (1) 4592 (1) 51(1 * C (28) 1710 (6) 9060 (4) 3986 (2) 40(1
2568 (7) 10285 (4) 4202 (2) S(37) (53) 33 (3) 4250 (10) 1089 (6) 87 (4) F(53a) 208 (1) 3497 (6) 1095 (3) 123(4)* F(53b)
128 (1) 4815 (6) 1539 (4) 121(4)* F(53c)
24 (2) 4859 (7) 648 (3) 129(4)* C(54) -321 (3) 2951 (11) 592 (6) 113(5) F(54a) -163 (2) 2142 (6) 654 (3) 141(5)* F(54b) -341 (2) 3372 (7) 79 (3) 155(5)* F(54c) -549 (2) 2578 (7) 560 (4) 147(5)* C(55) -544 (4) 5788 (14) 1792 (7) 116(6) F(55a) -639(2) 5777 (7) 2229 (4) 160(6)* F(55b) -638 (2) 6605 (7) 1464 (5) 189 (8) (7) 3827 (7) 251(9)* F(66b)
126 (2) -2181 (7) 3841 (4) 170(6)* F(66c) -161(2) -2455 (9) 3043 (5) 238(7)* * Equivalent isotropic U defined as one third of the trace of the orthogonalised U^ tensor. Table V . Selected mean bond lengths (Ä) and angles (°) for 3 and 7. Estimated standard deviations in individual bond lengths and angles were in the ranges 0.004 to 0.010 Ä and 0.2 to 0.5° for 3, and about double these values for 7. E = As (3) or Ge (7). The atoms are labelled as for Table I . Table V. The heterocyclic rings are effectively planar, with mean deviations of 0.08 Ä (3) and 0.03 Ä (7) from the least-squares planes through the five ring atoms. Most of the sulphur atoms exhibit relatively anisotropic thermal motion, with the greatest amplitude perpendicular to the ring plane; this suggests that the rings undergo a low-frequency puckering vibration or pseudorotation. The planar conformation observed in the crystal may be an average of several slightly puckered conformations, and does not necessarily itself represent a potential energy minimum. All the experiments were carried out in glass vessels which had been previously dried and then filled with dry N 2 gas. All the solvents were dried before use by conventional methods. The nitriles were prepared by previously reported procedures either using Me 3 SiCN [10] or AgCN [11] . The starting materials are dissolved in CH 3 CN and cooled to -78 °C. 1 is then injected in one stroke followed by few drops of Et 3 N. The reaction mixture is allowed to warm to room temperature slowly and then stirred for 12 h.
Tris [2,2,4,4- using graphite monochromated Mo-Ka radiation (A = 0.71069 Ä). An empirical absorption correction was applied. Further details are given in Table II . All calculation were performed using programs written by author G. M. S., from whom tables of bond lengths, angles, anisotropic temperature factors and structure factors may be obtained.
X-ray data collection
Data were collected on a Stoe-Siemens four-circle diffractometer by a profile-fitting procedure [12] 
